USE OF CALCITONIN GENE-RELATED PEPTIDE IN THE PREVENTION 
AND ALLEVIATION OF ASTHMA AND RELATED BRONCHOSPASTIC 

PULMONARY DISEASES 

FIELD OF THE INVENTION 

The present invention teaches that calcitonin gene-related peptide 
(CGRP), a neurotransmitter present in sensory nerves of several mammalian 
species, including humans, displays potent and efficient bronchoprotector 
and anti-inflammatory properties. More specifically, the present invention 
discloses that CGRP, when administered by inhalation to mammals, is 
capable of reducing the accumulation of eosinophils in the bronchial walls 
and of preventing bronchospastic airway responses, especially reversible 
airway hyperreactivity such as that encountered in bronchial asthma. 

BACKGROUND OF THE INVENTION 

Bronchial asthma may be defined as a clinical syndrome 
characterized by outbursts of suffocation and of severe discomfort, 
especially when air is exhaled from the lungs. These asthma outbursts or 
asthma attacks often occur after exertions or during the night, are reversible 
either spontaneously or following treatments and are generally the result of 
bronchial obstructions. Three major factors contribute to these obstructions: 
a spasm (contraction) of the smooth muscles surrounding the airways, an 
inflammation of the bronchial walls accompanied by an effusion of fluid 
(oedema) and an hypersecretion of mucus. Although the relative 
contribution of each of these conditions is unknown, the net result is an 
increase in airway resistance, hyperinflation of the lungs and thorax, as well 
as abnormal distribution of ventilation and pulmonary blood flow. Thus, 
when an asthma attack occurs, breathing becomes difficult and may be 
accompanied by wheezing, coughing and dyspnea. 




A major feature of this disorder is the propensity of the airways of 
asthmatics to respond in an abnormally exaggerated way (bronchial 
hyperreactivity) to a large variety of apparently unrelated stimuli such as 
allergic triggers, cigarette smoke, dust, pollens, chemical products, irritating 

5 vapours, cold air, food substances, physical exertion, stress, etc. Because 
of this increase in the sensitivity of the airways (10 to 1000 times normal), 
asthma has for a long time been regarded as a disease of the large airways 
which was believed to be caused mainly by mucus secretion and extensive 
narrowing of the tracheobronchi which consequently made breathing difficult 

10 for asthmatics. 

This view started to change when morphometric studies on the 
bronchi of asthmatics revealed the presence of major inflammatory reactions 
within the mucosa of the bronchi. It is now recognized that another hallmark 

15 of this pathology is the massive influx of inflammatory cells, particularly 
eosinophils, in the bronchial walls and lung parenchyma. These cells are 
attracted to the airway mucosa by sequential processes involving adhesion 
molecules and a subset of helper T-lymphocytes designated Th2 that 
secrete an array of cytokines and chemokines. Eosinophils, for which the 

20 survival time is prolonged by these same cytokines, remain in the bronchial 
mucosa and release, among others, cysteinyl leukotriens, several hydrolytic 
enzymes, toxic mediators such as eosinophilic cationic protein and TNFa as 
well as Th2 cytokines, all of which cause further tightening of the airway 
smooth muscles cells and increased inflammatory reaction including 

25 increased eosinophilia. The importance of pulmonary inflammation to 
asthmatic response has been appreciated only recently but it is now well 
accepted that this inflammation paves the way for non-specific 
hyperresponsiveness and worsens airway obstruction. 
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Several subtypes of asthma have been identified during the last few 
years and it is estimated that in its different forms (i.e. allergic asthma and 
idiosyncratic asthma), this disease affects approximately 8 to 10% of the 
world's general population, of which 5 to 10% are children. 

5 

If asthma attacks are mild, patients can take a medication (generally a 
bronchodilator) to suppress spasms (contractions) of the bronchi. If, 
however, attacks are severe and/or frequent, steroids can be added to the 
bronchodilator in order to reduce the inflammation occuring in the lungs. 

10 There are currently five types of remedies available on the market to treat 
asthma: (1 ) aerosol dosers (inhalators) which dispense bronchodilators, or 
agents that cause the relaxation of the bronchi (such as p2-adrenergic 
agonists administered with tiny delivery systems); (2) methylxanthines (such 
as theophylline), which are bronchodilators in tablet or capsule form; (3) 

15 corticosteroids (such as fluticasone or budenoside), used to reduce 

inflammation, available in aerosol, liquid or tablet form; (4) inhibitors of mast 
cell degranulation (i.e. chromones such as cromolyn sodium), most often 
used to prevent asthma triggered by physical activities, available either in 
tablet or aerosol form; and (5) antagonists of leukotrienes D 4 and E 4 (such as 

20 zafirlukast and montelukast), used as prophylactic substitutes to aerosol 
dosers, available in tablet form. 

None of the medicines currently in use combines both 
bronchoprotector and anti-inflammatory properties. Additionally, none 
25 constitutes a cure for asthma, but each medicament can control its 

symptoms to varying degrees depending on the patient and/or the severity of 
his or her affliction. As a common feature, these medicines are comprised of 
synthetic or modified molecules and consequently, most cause secondary, 
undesirable effects, either at the moment of administration or following 
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prolonged usage. For example, some p2-adrenergic agonists can bring 
about hand tremors, tachycardia and hypotension. Theophylline can induce 
nausea, diarrhea, headaches, muscle cramps, irritability, etc. Inhaling 
corticosteroids can irritate the vocal cords, resulting in hoarseness, as well 
5 as interfere with adrenal gland activity. They also induce several systemic 
effects such as elevated blood sugar, rounding of the face, changes in 
mood, high blood pressure, etc. 

In view of the clinical importance of asthma, there is clearly an urgent 
10 need to identify new factors which can play a role in preventing, alleviating or 
correcting disfunctions such as inflammation and bronchial hyperactivity, 
such as those encountered in bronchial asthma. Thus, it is a feature of the 
present invention to prevent, reduce and/or alleviate the pathophysiological 
manifestations of asthma by the administration of a new and natural 
15 compound which combines both bronchoprotector and anti-inflammatory 
properties and which also has less undesirable side effects than those 
induced by the medicines now in use. It is another feature of the present 
invention to provide a method for the reduction and/or alleviation of the 
symptoms of asthma, by the use of a new therapeutic tool (i.e. CGRP) which 
20 is rapid acting and of relatively long duration. 

Calcitonin gene-related peptide (CGRP) is a mammalian peptide 
containing 37 amino acid residues with a disulphide bridge between Cys2 
and Cys7. It is generated by tissue-specific RNA processing of the primary 
25 transcript of the calcitonin gene and is expressed mainly in thyroid 

parafollicular cells as well as in nuclei and nerve fibers of the central and 
peripheral nervous systems. In humans as in rats, this peptide is known to 
occur in two highly homologous forms, designated a- and p-CGRP, which 
differ in their primary sequence by one and three amino acids, respectively. 
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CGRP is widely distributed in the lung innervation of several 
mammalian species including humans. Peripheral branches of CRRP- 
containing nerve fibers are located beneath and within the airway epithelium, 
around blood vessels and seromucous glands, and within the smooth 

5 muscle layers of the tracheo-bronchial tree. Co-stored with substance P 
(SP) and neurokinin A (NKA) in primary afferent sensory neurons, CGRP is 
released (together with SP and NKA) from nerve endings upon capsaicin 
stimulation and after exposure to chemical irritants. Although the possible 
roles of this neurotransmitter in lung physiological and pathological 

10 processes are unknown, its production in the vicinity of bronchial smooth 

muscle cells led several investigators to suggest that CGRP could also affect 
(as do SP and NKA) adjacent tracheobronchial tone. 

Numerous in vitro and in vivo investigations have been carried out with 
1 5 the aim of determining the role of CGRP on tracheobronchial smooth muscle 
cells. Although several of these studies have, to a large extent, focused on 
the putative myotropic activity of CGRP (i.e. contractile- or relaxant-induced 
responses), its main effect on airway smooth muscle tone still remains unclear, 
as considerable controversial data have been reported. For example, in 
20 human isolated airways, evidence has been provided for (1 ) and against (3) a 
bronchoconstrictor action of CGRP. Similarly, Luts and coworkers (5), Bhogal 
and coworkers (6), and Pinto and coworkers (7) showed that CGRP does not 
exert any contractile or relaxant effect in guinea pig trachea, whereas Hamel 
and Ford-Hutchinson (8) and Tschirhart and coworkers (9) reported that 
25 CGRP is one of the most potent contractile agents on guinea pig trachea yet 
identified. On the other hand, CGRP has been found to have no effect on 
hilus bronchi and parenchyma in the guinea pig in vitro (3, 7, 8) and to cause 
no changes in airway resistance in guinea pig in vivo (2, 3, 10-12). 
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More recently CGRP has been reported to potentiate the cholinergic 
contractions elicited by electrical field stimulation (EFS) in guinea pig trachea 
(7), to produce no bronchoconstriction in isolated and perfused guinea pig lung 

(13) , to induce relaxations in guinea pig trachea precontracted with KCI and 
5 prostaglandin F 2u (PGF 2 «) (6), but to be without any relaxant effect in human 

and guinea pig bronchi precontracted with NKA (3) and in guinea pig trachea 
precontracted with histamine (7). In other animal species, CGRP has been 
shown to have no contractile effect on the airway smooth muscle in the rabbit 

(14) , pig (15, 16), rat (4, 8), and mouse (17) in vitro and in sheep in vivo (18). 
10 Finally, CGRP has been noted to cause relaxations in pig trachea (1 5) and 

bronchi (16) precontracted with carbamylcholine and histamine, respectively, 
and in mouse airways precontracted with carbachol (17). Given this wide 
spectrum of reported pharmacological activities for CGRP, it may be easily 
understood that no investigator has really succeeded in ascribing a specific 

1 5 role for this neuropeptide with regard to its involvement in the regulation of 
airway smooth muscle tone. This issue has been in debate for some time in 
the scientific literature. Because no concensus has been reached yet, it is 
generally suggested that either the pharmacological effect of CGRP greatly 
differs between animal species and different levels of the tracheobronchial tree 

20 or that this sensory neuropeptide is related to pulmonary physiological 

processes other than those involved in the regulation of bronchomotor tone. 

SUMMARY OF THE INVENTION 

25 The present invention relates to the use of calcitonin gene-related 

peptide (CGRP) in the prevention, reduction and/or alleviation of the 
pathophysiological manifestations of asthma. The invention further concerns 
the use of active molecules (such as members of the calcitonin family of 
peptides i.e. CGRP, adrenomedullin, amylin, calcitonin and/or their 
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respective functional derivatives; analogs and fragments) that are able to 
bind to the receptors that activate the intra and/or intercellular signaling 
pathways that mediate either or both the anti-inflammatory and 
bronchoprotective effects of CGRP in the lung. 

5 

The invention additionally pertains to an improved method for 
preventing or controlling ailments encountered in asthma (i.e. bronchial 
hyperreactivity and inflammation) which comprises administering to the host 
suffering therefrom an effective therapeutic amount of CGRP. The invention 

10 also provides improved means for preventing, alleviating and/or reducing 
bronchospastic airway responses characterized by reversible airway 
hyperreactivity by administering an amount of CGRP (or of its natural 
homologs and/or of their respective functional derivatives) sufficient to 
reduce airway hyperreactivity. In accordance with the foregoing, the 

15 invention also proposes a mode of administration having properties superior 
to those of other medications, especially superior properties in terms of 
bronchoprotection and anti-inflammation, and with less secondary side 
effects. 

20 CGRP is produced in the lung and is released during asthma attacks. 

We found that it prevents mucosal inflammation and constriction of the 
tracheobronchial tree in a natural way (see Examples, below). CGRP is 
therefore a natural substance present in mammalian species (including 
man), and one of its primary functions at the level of the respiratory tract is to 

25 exert a protective effect on the airways and, more specifically, to reduce the 
intensity of the bronchospasms induced by an asthma crisis. Other 
advantages attributable to CGRP are that it exercises a non-specific 
bronchoprotector effect, it does not cause undesirable haemodynamic side 
effects when administered by inhalation and that it also acts as an anti- 
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inflammatory agent in the lung. CGRP is thus a molecule that highly 
surpasses everything in the arsenal of therapeutic agents currently avail 
to prevent and attenuate ailments and symptoms associated with asthm 

These and other objects, features and many of the attendant 
advantages of the invention will be better understood upon a reading of 
following detailed description of the invention when considered with the 
accompanying drawings. 



10 BRIEF DESCRIPTION OF THE DRAWINGS 



Fig.1 shows the inhibitory effect of CGRP on contractions evoked by 
5 X 10" 8 M substance P (SP) in isolated parenchymal strips from (A) control 
and (B) ovalbumin (OA)-sensitized guinea pigs. Contractions were elicited 
15 by SP (triangles) at 15 min intervals in the absence or in the presence of 
various concentrations of CGRP. Note that the inhibitory action of CGRP is 
more pronounced in tissues from non-sensitized animals. Ordinate scale: 
changes of tension in g. Abscissa scale: time in min. W= washouts. 

20 Fig. 2 shows the concentration-dependent inhibition of responses to 

substance P (SP: 5 X 10" 8 M) by CGRP in guinea pig isolated (A) bronchi and 
(B) parenchymal strips. CGRP was added in a manner similar to that 
described in the legend to Figure 1. Ordinate scale: degree of inhibition 
produced by CGRP expressed as a percentage of contraction developed by 

25 SP alone. Abscissa scale: concentration of CGRP. Each point and bar 

represents the mean ± SEM of data from 3 to 7 tissues. Solid lines: airways 
from control (•) and OA-sensitized (O) guinea pigs. Asterisks: significantly 
different (p<0.05) from control. 
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Fig. 3 shows the concentration-dependent inhibition of responses to 
carbamylcholine (10" 6 M) by CGRP in human isolated airways showing an 
absence (■) or a presence (•) of strong inflammatory reactions in their 
mucosa and submucosa. CGRP was added in a manner similar to that 

5 described in the legend to Figure 1 . Ordinate scale: degree of inhibition 
produced by CGRP expressed as percentage of contraction developed by 
carbamylcholine alone. Abcissa scale: concentration of CGRP. Each point 
and bar represents the mean ± SEM of data from 3 to 7 tissues. Note that 
the bronchoprotector effect of CGRP was totally abolished in airways 

10 showing marked inflammatory reaction. 

Fig. 4 shows that intravenous injection of CGRP (3.8 mg/kg) does not, by 
itself, affect baseline airway resistance (pulmonary insufflation pressure: PIP) 
but potently inhibits the response to Substance P (SP) in both control (A) 
15 and OA-sensitized (B) guinea pigs. Bronchospasms were induced with 13.5 
mg/kg of SP (•) every 20 minutes before and after the bolus administration 
of CGRP. Ordinate scale: changes of PIP and MAP in mmHg. Abscissa 
scale: time in minutes. 

20 Fig. 5 is the dose response curve for CGRP protection against substance P- 
induced increases in airway resistance (PIP: mmHg) in control and OA- 
sensitized guinea pigs. Each column and bar represents the mean ± 
standard error of the mean (S.E.M.) of data obtained from 8 to 57 animals 
(numbers given on top of columns). CGRP (0.38 to 1 14 mg/kg) was injected 

25 5 minutes prior to the administration of SP (1 3.5 mg/kg) as described in the 
legend to Fig. 4. Asterisks: significantly different (p < 0.05) from SP injection 
without a p re-ad ministration of CGRP (filled columns). 

Fig. 6 shows that intravenous injection of CGRP blocks allergen-induced 
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increases in airway resistance (PIP: mm Hg) in asthmatic guinea pigs. PIP 
values after ovalbumin challenge (OA, 0.25 mg/kg, i.v.) were compared to 
baseline. A: OA challenge was performed either in the absence (saline) or in 
the presence of various doses of CGRP. Ordinate scale: changes of PIP in 

5 mmHg. Abcissa scale: time in minutes. B: CGRP pretreatment (0.38 to 1 14 
mg/kg; 5 min before the allergen challenge) prevented, in a dose-related 
manner, the allergen-induced bronchospasm seen when guinea pigs were 
not pretreated. Values are mean ± SEM for 6 to 14 animals. Asterisks: 
significantly different (p < 0.05) from allergen-induced increase in airway 

10 resistance without a pre-ad ministration of CGRP (filled columns). 

Fig. 7 shows that in allergic guinea pigs, a single inhalation treatment with 
CGRP, 15 minutes after the ovalbumin challenge, causes a significant 
increase in the recruitment of eosinophils in the bronchoalveolar lavage 
15 (column: OA + CGRP), a phenomenon which is accompanied by a drastic 
reduction in the population of these cells in the lung tissues (not shown). 
Values are mean ± SEM for 6 to 9 animals per group. * p < 0.05 versus 
control. ** p < 0.05 versus OA in the absence of CGRP. 

20 Fig. 8 shows changes in haemodynamic paradigms in asthmatic sheep 

following inhaled administration of increasing doses of salbutamol or CGRP. 
It can be noted that while salbutamol (A) induces both hypotension and 
increase in heart rate, CGRP (B) is without any undesirable side effects on 
the cardiovascular system. Values are mean ± SEM for 4 animals in each 

25 group. Asterisks: significantly different (p<0.05) from control i.e., without a 
pre-administration of salbutamol. 

Fig. 9 shows that a single inhalation treatment with CGRP in asthmatic 
sheep results in a total blockade of non-specific airway hyperresponsiveness 
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induced by methacholine. CGRP pretreatment is more efficient and more 
potent than salbutamol (a (32 agonist used in the treatment of asthma) to 
block the increased resistance attribuable to non-specific challenge 
(metacholine) when compared to saline (control) pretreatment. Values are 
5 mean ± SEM. * p < 0.05 versus control. 

Fig. 10 shows that CGRP inhalation blocks allergen-induced increases in 
airway resistance in asthmatic sheep. It can be noted that while salbutamol 
has no effect on the late asthmatic response, CGRP totally blocks both the 
10 early-phase (0 to 4 hours) and the late-phase (5 to 7.5 hours) increase in 
airway resistance attribuable to Ascaris suum challenge when compared to 
saline pretreatment (control). Values are mean ± SEM. * p < 0.05 versus 
control. 
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DETAILED DESCRIPTION OF THE INVENTION 



The present invention concerns control and prevention of 
bronchospastic airway diseases, especially reversible airway hyperreactivity 
and lung inflammation such as those encountered in asthma, by 
20 administration of the neuropeptide CGRP. 

We recently analysed in greater detail the available data reporting the 
effects of CGRP (20), and we found that they are not as conflicting as they 
might first appear to be. For example, regardless of the origin of the airway 
25 preparation used (animal species and level of the tracheobronchial tree), most 
studies examining the effect of CGRP on the baseline tension of the airway 
smooth muscles resulted in identical data, as no contractile or relaxant 
response was observed (3, 4, 5-8, 11, 12, 14, 15, 17). In studies showing a 
contractile action for CGRP (for example, in guinea pig trachea), there is a 
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consensus regarding the epithelium dependency for this effect of the peptide 
but the magnitude of the response evoked by CGRP was each time described 
as being weak and of minor importance: 30% of the maximum induced with 
1.5 x 1(r 5 M of methacholine (8), 14% of the capsaicin (10" 5 M) maximum (9), 

5 and 8% of 50 mM KCI-induced contraction (19). Thus, when compared with 
SP and NKA, which are well recognized potent bronchoconstrictor agents (5), 
the data so far accumulated on the pharmacological effects of CGRP do not 
really speak in favor of an efficient and potent constrictor activity for this 
sensory neuropeptide in airway smooth muscle. On the contrary all the data 

10 yet accumulated using isolated airways, point to an absence of myotropic 
activity for CGRP. To that effect, it is worthy of note that in all experiments 
measuring pulmonary resistance in vivo, no bronchoconstriction or 
bronchod ilation was detected in guinea pigs (2, 3, 10-12) and sheep (18) in 
which CGRP was administered intravenously. 
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From the studies reporting a bronchodilatory effect with CGRP, a 
similar statement of fact can be made, as the relaxations evoked by CGRP 
were characterized as being weak (15, 16), modest (6), very small and even 
erratic (17). Thus from the data yet available, it would appear a bit premature 

20 and probably too strong a statement to claim that CGRP has to be regarded 
as a potent and efficient bronchodilatory agent. The results of our analysis 
speak strongly for an absence of significant myotropic activity. Similar 
conclusions have been put forward by various investigators so that it is now 
generally reported that CGRP does not exert any significant pharmacological 

25 or physiological myotropic effect in airway smooth muscle and that this peptide 
is not involved whatsoever in the regulation of the tracheobronchial smooth 
muscle tone. 

A few years ago, we also attempted (as did many other investigators) to 
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determine whether CGRP had any pharmacological effect on the smooth 
muscle of rat isolated airways (4, 21). We found that in this animal species, 
CGRP was devoid of any direct contractile or relaxant effects in all airway 
preparations tested (i.e. trachea, bronchi and lung parenchymal strips). This 

5 would be in keeping with numerous observations made by several other 
groups of investigators, as discussed previously. Interestingly, however, we 
also found that behind this apparent lack of pharmacological activity, CGRP 
presented a marked ability to prevent, in a concentration-related manner, 
bronchospasms induced by carbamylcholine and 5-hydroxytryptamine. This 

10 indicates that in rats, CGRP might act as a modulatory agent rather than a 
direct agonistic compound (i.e. contraction or relaxation) and that its inhibitory 
effect could be directed against different contractile substances belonging to 
chemically distinct families. Another interesting finding from our investigation 
was that the bronchoprotector effect of CGRP was more powerfully expressed 

1 5 in distal than in proximal airways, suggesting that CGRP might be of functional 
importance mainly in the periphery of the tracheobronchial tree (4). 

Recently, we re-examined this inhibitory effect of CGRP with the aim of 
determining whether this peptide was also capable of exerting its 

20 bronchoprotector effect in airways obtained from different mammalian species. 
As it is revealed in the present document, we found that CGRP behaves as a 
potent bronchoprotector agent not only in isolated airways (guinea pig and 
human) but also following intravenous (guinea pig) and aerosol (sheep) 
administration. Thus, in contrast to the conflicting data currently reported on 

25 the myotropic effect of CGRP, the results of our investigations suggest that 
there are not interspecies variations in this newly discovered property of 
CGRP to act as a bronchoprotector agent in mammalian airways. 

In order to further define its potential role in asthma, measurements of 
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plasma levels of CGRP were made before and after an allergen challenge 
(ovalbumin) both in normal and in allergic asthmatic guinea pigs. While the 
plasma levels were unchanged in normal animals, asthmatic guinea pigs 
showed a significant increase in the concentration of circulating CGRP, which 
occurred within the first 20 minutes following allergen provocation 
(unpublished data). Similar observations were thereafter noted in asthmatic 
patients; we observed that plasma levels of CGRP were significantly higher in 
subjects during periods of exacerbations of asthma than in control subjects or 
in patients having asthma under control (unpublished data). Finally, we have 
also accumulated data which show that administration in guinea pigs of a 
CGRP receptor antagonist, namely hCGRP ( 8-37), 5 minutes before the allergen 
challenge, resulted in a significant increase in the magnitude of the allergen- 
induced bronchospasm when compared to that observed in animals untreated 
with hCGRP ( 8-37). These observations confirm that CGRP is effectively 
released during an asthma attack and that it does participate in the 
neuromodulation of bronchomotor tone. We thus hypothesized that CGRP is 
significantly involved in the control of airway smooth muscle tone during an 
asthma attack and that one of its natural functions is to exert a protective effect 
against the contractile agents produced during the asthma crisis. 

Thus, the bronchoprotector properties of CGRP, which has now been 
discovered from basic pharmacological research work on pulmonary 
physiology is new and was unexpected from a knowledge of the state of the 
art. This peptide, due to its ability to exert a powerful and non-specific 
bronchoprotector effect, could be particularly useful as a natural anti-asthmatic 
agent. Because asthma symptoms are the net result of two major 
determinants, namely airway hyperresponsiveness and airway inflammation, 
novel substances capable of exerting bronchoprotecor effects in addition to 
suppressing and/or reducing airway inflammation are desired when aiming to 
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achieve asthma control. Accordingly, it is an object of the present invention to 
provide novel means to prevent, reduce and/or alleviate the pathophysiological 
manifestations of asthma by using CGRP. In order to accomplish the above 
object, the potential anti-asthmatic effects of CGRP in various animal models 
5 of asthma were investigated both in vitro and in vivo. As a result of these 
investigations, we have found that CGRP, when administered by inhalation, 
combines both potent bronchoprotector and anti-inflammatory activities. (See 
Examples, below.) The present invention has been accomplished on the basis 
of these discoveries. 

10 

As used herein, "asthma" refers to either allergic or idiosyncratic 
asthma. An agent is said to have a therapeutic potential if it may lessen (i.e. 
attenuate) the severity, extent or duration of the asthma symptoms. Such 
agents are preferably identified through the use of the following "asthma 

15 model systems". As used herein, an agent is said to be able to prevent, 
alleviate or correct disfunctions such as the inflammation and bronchial 
hyperreactivity encountered in bronchial asthma if, when administered to a 
mammal, including humans, the agent is capable of attenuating either the 
severity, extent or duration of asthma symptoms. The term "reversible 

20 airway hyperreactivity" refers to conditions such as allergen, non-specific and 
exercise-induced asthma etc, which result in reversible blockage of the air 
passages. So-called irreversible airway conditions such as emphysema also 
involve reversible aspects. The term "lung inflammation" refers to eosinophil 
accumulation in airway tissue as well as eosinophil recruitment in 

25 bronchoalveolar lavage. As used herein, an agent is said to exert an anti- 
inflammatory effect if, when administered to a host, the agent is capable of 
reducing the population of eosinophils in bronchial walls concomitantly with 
increasing their recruitment in bronchoalveolar lavage, thereby reducing their 
stay in lung tissue and consequently their toxic and harmful effects. The 
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present invention is most useful in the prevention and management of both 
acute and chronic conditions. 

The term "CGRP" as used herein means a neuropeptide produced by 
stimulated mammalian sensory nerve fibers and neuroendocrine cells. This 

5 term is also intended to include any peptide which shares significant 

structural and functional homology with the calcitonin gene-related peptide 
set forth in the present invention i.e., functions as CGRP. CGRP homolog 
means any other natural peptide produced within the organism that is 
structurally related to CGRP (i.e., that shares similar amino acid sequences 

10 and that is classified into the same family). For example, the amino acid 
sequences of CGRP peptides are very well conserved (85-98% homology) 
among mammalian species and all CGRPs are members of the calcitonin 
family of peptides. This calcitonin family of peptides also includes the related 
peptide amylin (46% homology with CGRPs), salmon calcitonin (32% 

15 homology with CGRPs) and adrenomedullin (24% homology with CGRPs). 
All these peptides belonging to the calcitonin family of peptides have in 
general a N-terminal ring structure of 6-7 amino acids involving a disulfide 
bridge and an amidated C-terminal end. Because of these common 
structural features, all of them can cross-react to a varying extent with each 

20 other's receptors and induce the same effects. Examples of cross reaction 
between these peptides include, among others, regulation of cardiovascular 
homeostasis (CGRP, amylin, calcitonin, adrenomedullin), modulation of 
glycogen metabolism (amylin, calcitonin, CGRP) and production of 
hypocalcemic effects (calcitonin, CGRP, amylin). The essential functional 

25 aspect of these CGRP-like peptides in the context of the present invention is 
that when administered to a mammal, they might be capable of binding the 
receptors that are activated by CGRP and consequently to initiate similar 
bronchoprotector and anti-inflammatory effects. 



17 



In accordance with the foregoing, the invention also relates to analogs 
of these peptides. The term analog when referring to the peptide of the 
present invention means a peptide which retains and/or induces essentially 
the same biological functions i.e., bronchoprotector and anti-inflammatory 

5 effects of CGRP or 1°) retains the ability to bind and activate the CGRP 
receptor or any other receptor that may be involved in the bronchoprotector 
effect of CGRP and 2°) activates the mechanisms underlying the chemotaxis 
of inflammatory cells. By "analogs" is further meant a natural peptide (CGRP 
or its natural homologs: amylin, calcitonin and adrenomedullin) in which 

10 modifications have been made in order to make the peptide more resistant to 
enzymatic degradation and/or to increase its effectiveness to bind and 
activate the CGRP receptor responsible for the bronchoprotector effect 
and/or to trigger the chemoattractile mechanism for inflammatory cells. 
Modifications can occur anywhere in a polypeptide including the peptide 

15 backbone, (i.e. the amino acid sequence), the amino acid side chains and 
the amino or carboxyl termini. Among variants in this regard are, but are not 
limited to, variants that differ from the aforementioned peptide by amino acid 
substitutions, deletions or additions. These substitutions, deletions or 
additions may involve one or more amino acids. Such analogs may result 

20 when amino acids of a synthetically prepared peptide are deleted, added or 
replaced in such a manner as to yield a peptide having a similar function, i.e. 
that functions as an agonist to CGRP. For example, we have shown that the 

2 7 

linear analog of CGRP, diacetoamidomethyl cysteine CGRP ([Cys(ACM) ■ ] 
CGRP) can induce a brochoprotector effect similar to (although with less 
25 efficiency than) that of CGRP. Other variants also include modifications in 
the amino or carboxyl termini. In fact, blockade of the amino or carboxyl 
group in a polypeptide, or both, by a covalent modification, is common in 
naturally occurring and synthetic polypeptides and such modifications may 
be present in polypeptides of the present invention as well. 
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Also considered to be within the scope of the present invention are 
fragments and natural derivatives of these peptides (CGRP or its natural 
homologs; amylin, calcitonin and adrenomedullin). These include peptides 

5 that can be converted to biologically active peptides capable of activating the 
physiological mechanism underlying either or both the bronchoprotector 
and/or anti-inflammatory effects of CGRP. Active fragments of CGRP or of 
its natural homologs are peptides derived from CGRP or from its natural 
homologs, which have N-terminal, C-terminal, or both N-terminal and C- 

10 terminal amino acid residues deleted, but which retain the biological activity 
of CGRP as described herein. These fragments and/or derivatives may be 
prepared by enzymatic digestion of CGRP or of its natural homologs, or may 
be chemically synthesized or produced by genetic engineering procedures. 
They may also appear in the microenvironment as it occurs in nature 

1 5 following enzymatic degradation of the native peptides. 

Although only certain embodiments of the invention have been 
described in specific detail (i.e. with regard to the fragments and derivatives 
of CGRP), which constitute the best mode presently known by the inventor, it 

20 should be understood that many other specific embodiments may be 

practiced and various changes and modifications as would be obvious to one 
having the ordinary skill in this art may be made without departing from the 
scope of the invention which is set forth in the claims appended hetero. For 
example, substitutions and modifications at specific positions in the CGRP 

25 peptide chain (or its natural homologs: amylin, calcitonin and 

adrenomedullin) can be made in accordance with present or future 
development without substantially detracting from potency and efficiency, 
and such peptides are considered as being within the scope of the invention. 
Even the common modifications that occur naturally in polypeptides, which 
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changes are too numerous to list exhaustively here, are also included. Such 
changes and modifications are well described in basic texts and in more 
detailed monographs, as well as in reams of research literature, and they are 
well known to those of skill in the art. "Pure" or "Purity", for purposes of this 

5 application, means that the modified peptide is present in substantially 

greater purity than it is found in any natural extract and that the composition 
is free from any biologically-active substances that would detract from its 
effectiveness. It also means that the modified peptide, regardless of any 
modification that has been practiced on it, is capable of mimicking or 

10 activating the intra and/or intercellular signaling pathways that are involved in 
either or both the bronchoprotector and anti-inflammatory effects of CGRP. 
All these compounds are considered to be equivalents of the claimed 
peptide. 

1 5 Another aspect of the present invention is the use of a drug which 

possesses the ability to upregulate the biological half-life of CGRP or of a 
related peptide, and consequently increases the effectiveness of the peptide 
in terms of bronchoprotector and/or anti-inflammatory properties. The 
expression "upregulate the biological half-life" is intended to include any 

20 intervention, mechanism or drug which increases the bioavailibility and 
duration of action of CGRP. The increase in bioavailibility can be induced 
either by drugs or compounds that can increase the synthesis, production 
and release of CGRP in the lung, or by drugs or compounds that prevent its 
biodegradation, such as inhibitors of endopeptidases. Examples of 

25 interventions that may help to increase the synthesis, production and release 
of CGRP are, but are not limited to, stimulation by specific compounds (such 
as histamine, bradykinin, interleukins etc) of the sensory nerves and/or 
neuroendocrine cells in which CGRP is produced, and introduction of DNA 
constructs which encode all or part of the CGRP protein and a sequence 
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which enhances the transcription of the CGRP gene. 

Although the human or mammalian CGRP precursor has not been 
shown to have CGRP activity, it nevertheless represents a valuable 
compound. It may well prove to be the case that if the precursor is 
5 administered to a mammal, it will be processed in vivo into CGRP 

subsequently. In any case, the CGRP precursor may be processed in vitro 
by exposing it to a human or mammalian tissue extract containing 
processing enzymes. 

10 In the case where the microenvironment affects the biological activity 

of CGRP or its related homologs and derivatives, addition of drugs may 
protect the peptide against its loss in biological activity and ultimately 
improve the capability of CGRP to exert its bronchoprotector and/or anti- 
inflammatory effects. Specific experimental and physiological conditions 

15 have been found to alter the biological half-life of CGRP. For example, 
inflamed tissues are characterized by an increase in the activity of several 
endoproteases which are produced either in tissue or are derived from blood 
circulation and which degrade several endogenous neuropeptides, including 
CGRP. Over-expression of such enzymatic activities result in changes (i.e., 

20 decreases) in tissue response to the peptides. CGRP is very unstable 
against the action of some endopeptidases, particularly chymases and 
tryptases which, amongst others, are released from mast cells after an 
allergen challenge. Thus, examples of drugs that may be used to increase 
the bioavailibility and duration of action of CGRP primarily include inhibitors 

25 of chymases and tryptases as well as inhibitors of any other enzymes (i.e. 
proteases) which possess the ability to hydrolyse CGRP. As mentioned 
above, the introduction of different substituents in the amino acid sequence 
of the peptide may result in increased bioavailibility and bioactivity due to 
specific structural features of the peptide that make it resistant to enzymatic 
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hydrolysis. All of these compounds are also considered to be within the 
scope of the present invention. 

Although only certain embodiments of the invention have been 
5 described here in detail with regard to the bioavailibility and the effectiveness 
of CGRP, it will be apparent to those of skill in the art that other specific 
interventions may be practiced in order to activate the production and the 
release of CGRP, to increase its biological half-life or to stimulate the 
processing of the CGRP precursor, and are all within the spirit of the 
10 invention and the scope of the appended claims. 

CGRP and other compounds of the present invention are 
commercially available but may readily be prepared by well-known 
procedures from known starting materials and intermediates. The desired 
starting materials and intermediates can be prepared from readily available 
materials using standard organic reactions, or alternatively, some starting 
materials and intermediates may be purchased from chemical supply 
companies. Procedures used to produce CGRP and other compounds of 
the present invention include, but are not limited to, solid phase synthesis, 
fragment condensation, classical solution addition, and/or recombinant DNA 
techniques which may be used for large-scale production. 
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CGRP and other compounds of the present invention may be 
employed alone or in conjunction with pharmaceutical^ non-toxic acceptable 
25 salts to form an active pharmaceutical composition. The active agents may 
also be dispersed in pharmaceutically-acceptable liquid or solid carriers, the 
proportion of which is determined by the solubility and chemical natures of 
the peptide and the carriers, the chosen route of administration and standard 
pharmaceutical practice. The pharmaceutical compositions are administered 
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in an amount effective for the prophylaxis or alleviation of a specific 
indication or indications. 

When used for preventing or alleviating bronchospastic airway 
5 responses and lung inflammatory reactions such as those encountered in 
asthma, the active agents are preferably administered by contacting the 
subject's respiratory epithelia by causing the subject to inhale breathable 
particles (i.e. liquid particles or solid particles in the form of an aerosol) 
comprised of the active agents. Such aerosol administration can be in the 
10 form of a nebulized saline solution. Although other routes of administration 
might also be employed when preventing and alleviating this condition, 
including oral administration (i.e. tablets or capsules) and parenteral 
administration (i.e. intravenous injection, subcutaneous injection and 
intramuscular injection etc), they may be disadvantageous because higher 
15 dosages would be required, and this could result in undesirable 

cardiovascular side effects. Delivery via a nebulized saline solution is 
preferable because it is contemplated that the present invention will be most 
useful in a preventative manner or for relief via self-administration. 
Alternatively, patients using ventilating equipment can be given a breathable 
20 dose by converting the liquid and/or solid composition into an aerosol and 
introducing the aerosol into the inspiratory gas stream of the ventilating 
apparatus. As noted above, a nebulized aerosol composition can be made 
using 0.9% saline as the carrier for CGRP to be delivered through inhalation. 
Suitable solubilizers and other presently known components for aerosol 
25 compositions can be used if necessary or desired. 

The peptides should be at least about 95% pure and preferably 
should have a purity of at least 98% when administered to humans. The 
peptides should be administered under the guidance of a physician and 
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pharmaceutical compositions will usually contain the peptide in conjunction 
with conventional, pharmaceutical^ acceptable diluents or carriers which 
may vary depending upon the form of administration. In general, the 
compositions are administered in an amount of at least about 0.1 mg. In 

5 most cases, doses range from about 0.1 to 1 .0 mg. It will be appreciated 
that optimum dosage will be determined by standard methods for each 
treatment modality (i.e. age, weight, etc) and conditions (i.e. the particular 
disorder or disorders being treated) taking into account the indication, its 
severity, the duration of desired treatment, the route of administration, 

10 complicating conditions and the like. 

Having now described the invention, the same will be more readily 
understood by reference to the following examples which are provided by 
way of illustration. While these examples illustrate specific aspects of the 
15 invention, they do not circumscribe the scope of the disclosed invention. It is 
clear that the invention may be practiced otherwise than as particularly 
described in the foregoing description and examples. Modifications and 
variations of the present invention are possible in light of the above 
teachings and therefore are within the scope of the appended claims. 

20 

EXAMPLE 1 : Inhibitory effect of exogenously applied CGRP on 
agonist-induced contractile response in isolated airways 

Adult Hartley albino guinea pigs of either sex, weighing 200-250 g 
25 were actively sensitized to ovalbumin (OA), as described in (20). They were 
injected with 100 mg i.p. and 100 mg s.c. of OA on day 1 and a further 10 
mg i.p. was administered as a booster on day 8. They were used 
experimentally 14 or 15 days later. Control animals received the vehicle 
solution only. All research protocols conform to the guiding principles for 
30 animal experimentation and were approved by the Ethical Committee on 
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Animal Research of the Medical School of the Universite de Sherbrooke. 

Guinea pigs were killed by exsanguination following intraperitoneal 
injection of pentobarbitone sodium (50 mg/kg). The trachea and lungs were 
quickly removed and placed in cold Krebs solution. Both right and left main 
bronchi were dissected out and cut into spirals. Parenchymal strips 
(approximately 15 mm X 3 mm X 3 mm) were cut from the periphery of either 
right or left lower lobes of the lung as previously described (4, 20). Each 
preparation was mounted in a 5 ml organ bath containing Krebs solution 
(37°C) bubbled with 5 % C0 2 in 0 2 . Contractions were measured 
isometrically with a Grass FT03 force displacement transducer and recorded 
on a Grass polygraph (Model 7D) as tension changes (g). All tissues were 
subjected to an initial loading tension of 1 g and allowed to equilibrate for 60 
min (with changes of bath medium every 15 min) before experimentation 
began. 



The inhibitory effect of CGRP on SP-induced contractions was 
investigated essentially as described previously (4, 20). Each tissue 
preparation was first primed with a concentration of carbamylcholine (10" 6 M) 
to evaluate its responsiveness. When the basal tone was re-established 

20 (after a few washouts), contractions to SP (5 X 10" 8 M) were elicited at 15 min 
intervals with a drug contact time just sufficient to record the peak response. 
CGRP (10' 9 M to 10" 6 M) was then added to the organ bath and 5 minutes 
later a further spasmogen challenge occurred. The contraction produced in 
the presence of CGRP was then compared with the mean of two control 

25 responses to SP observed prior to CGRP administration. A further 

concentration of CGRP was tested only when responses to SP showed no 
further recovery. Concentrations of CGRP were tested in a random order in 
each experiment. It is worthy of note that the inhibitory effect of CGRP on 
contractions induced by SP was also examined at a dose of SP (5X10" M) 
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that induced similar maximal responses in tissues obtained from each group 
of animals. 

Exogenously applied CGRP produces no relaxant and no contractile 
5 action per se in guinea pig isolated airways. However, behind this apparent 
lack of pharmacological activity, CGRP presented a marked ability to prevent 
agonist induced bronchoconstriction. As illustrated in Fig. 1 , pre-incubation 
of parenchymal strips with CGRP (10" 8 M) caused a slight reduction of SP- 
induced contraction in control tissues but did not alter the amplitude or the 
10 shape of the SP-evoked response in parenchyma from OA-sensitized 
animals. Pretreatment with higher concentrations of CGRP (i.e. 10" 6 M) 
significantly inhibited the contractions induced by SP in both groups of 
tissue, the protective effect of CGRP being more marked in parenchymal 
strips obtained from non-sensitized guinea pigs. Similar results were 
15 obtained in isolated bronchi, CGRP being more prone to prevent SP-induced 
response in control than in OA-sensitized tissues (not shown). 

Expressed in terms of percentage of contraction developed by SP 
alone, CGRP (10" 1 ° to 10" 6 M) inhibited contractions of control airways in a 

20 concentration-dependent manner (Fig. 2). The antibronchoconstrictor effect 
of CGRP was however more marked in lower segments of the 
tracheobronchial tree and at a concentration of 10" 6 M, reached an inhibitory 
effect of 47.3 ± 3% (n=4) in the parenchymal strips and 20.3 ± 1 .5% (n=3) in 
the main bronchus. Similar concentration-dependent inhibitory effects of 

25 CGRP were observed in parenchymal strips obtained from OA-sensitized 
guinea pigs except that the maximum inhibition elicited by 10" 6 M of CGRP 
reached only 18.7 ± 4.8% (n=5). Moreover, CGRP failed to significantly 
prevent the SP-induced bronchoconstriction in the main bronchi from these 
same animals (Fig. 2). 
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Morphometry analysis revealed that tissues obtained from OA- 
sensitized guinea pigs were specifically characterized by the presence of a 
clear and marked inflammatory reaction (not shown). Thus, the acute 
5 bronchoprotector effect of CGRP, as observed in guinea pig airways, is 
strongly attenuated in inflammatory conditions. 

Because lung inflammation is a common feature in asthmatic patients, 
experiments were then repeated using human isolated airways to determine 

10 whether this same phenomenon also occurred. Macroscopically normal lung 
specimens were obtained from 6 patients undergoing surgery for carcinoma 
and from autopsy (n=9) performed within 6 hours of death. The study 
protocol was approved by the Ethical Committee of the University Hospital. 
The ages of the subjects (all males) ranged from 17 to 88 years (mean ± 

15 s.e.m.: 57.4 ± 5.1 yr) and none had a known history of either asthma or 
atopy. The lung specimens were transported to the laboratory in ice-cold 
pre-oxygenated Krebs solution. Suitable cartilaginous bronchi (internal 
diameter 2 to 4 mm) were dissected free of adjacent tissue and were either 
used immediately (autopsy cases) or after 24 hr storage in pre-oxygenated 

20 Krebs solution at 4°C. Isolated bronchi were cut into helical strips and set up 
for isometric recording (initial tension: 1 g) under the conditions described for 

-3 

the isolated guinea pig airways. They were primed by adding 10" M 
carbamylcholine followed by washouts, which ensured a stable function for 
the rest of the experiment. The protocol for the administration of compounds 
25 was the same as that used in the animal airway experiments except that the 
agonist used to elicit contractions was carbamylcholine (10" 6 M) instead of 
SP, the latter being much less potent than the cholinergic agonist in human 
airways. As previously reported, our preliminary data revealed that tissue 
obtained from autopsy show no differences in their responses to drugs from 
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those obtained surgically. A 24-hour storage does not affect agonist 
response either. While CGRP did act as an efficient antispasmogenic agent 
in control tissues, its bronchoprotector properties were totally abolished in 
inflammed human airways (Figure 3). 

5 

EXAMPLE 2 : Inhibitory effect of intravenously administered CGRP on 
bronchospasms induced by Substance P or by allergen challenge in 
guinea pigs 

10 Guinea pigs were anaesthetized with xylazine (20 mg/kg, i.m.) and 

ketamine hydrochloride (130 mg/kg, i.m.). The jugular vein and trachea were 
cannulated and animals were mechanically ventilated with a constant- 
volume rodent respirator (Havard, model 683) delivering a tidal volume of 5.5 
ml/kg at a frequency of 60 cycles/min via the tracheal cannula. Airway 

15 resistance was measured by the overflow technique according to well- 
validated and standardized procedures. Briefly, ventilation overflow (i.e., the 
pulmonary insufflation pressure or PIP), was recorded at the side arm of the 
tracheal cannula by means of a differential pressure transducer (Gould P23 
ID) connected to a Grass polygraph (model 7D). Airway responsiveness 

20 was assessed by measuring the changes in PIP following i.v. injections of 
the agonists. Changes in PIP, which were taken as an index of changed 
airway resistance, were measured and expressed in mm of mercury (mm 
Hg). Each agonist was injected through the jugular vein cannula in a volume 
of 1 00 pi followed by a washout with 200 pi of heparinized-saline (1 00 

25 units/ml). 

Before starting the experiment, guinea pig airway responsiveness was 
first tested by a single i.v. administration of 25 pg/kg of acetylcholine. Based 
on preliminary experiments, this resulted in an airway constriction which 
30 averaged 28.6 ± 1 .5 (n=36) and 24.0 + 1.0 mm Hg (n=38) in control and OA- 
sensitized animals, respectively. Only guinea pigs (control and OA- 




sensitized) showing a reasonably strong (>20 mm Hg) airway constriction to 
the cholinergic agonist were used in this study. Thereafter, substance P 
(SP) which was used as the main non-specific spasmogen, was injected 
intravenously every 20 minutes to induce bronchoconstriction. Care was 

5 taken to choose a dose of SP (13.5 pg/kg) so that the same extent of airway 
constriction could be induced in both animal groups. SP (13.5 pg/kg) was 
then administered repeatedly (approximately 3 times) until a reproducible 
constriction (control response) was obtained. After two SP-induced 
bronchoconstrictions of similar amplitude, CGRP (0.38-1 14 pg/kg) was 

10 administered 5 minutes before a further challenge with SP and the SP 

challenge was then repeated. The resulting constriction was compared with 
the control response i.e. the mean of the two pre-inhibition 
bronchoconstrictions. 

15 To determine the effect of CGRP on antigen-induced challenge in 

allergic guinea pigs, CGRP (3.8 to 114 mg/kg) was administered 
intravenously 5 minutes prior to the ovalbumin challenge (0.1 mg/kg, i.v.). 
The resulting increase in PIP (bronchoconstriction) was compared to 
responses obtained in control animals i.e. in allergic guinea pigs, which 

20 received only saline solution 5 minutes before the i.v. injection of ovalbumin. 
In some experiments, systemic arterial blood pressure was monitored at the 
same time via a polyethylene catheter filled with heparinized-saline inserted 
into a carotid artery and linked to a pressure transducer (Gould P23 1 D) and 
a Grass polygraph. 

25 

Measurement of airway resistance is a more natural reflection of 
airway response following chemical or allergen stimuli. As shown in Fig. 4, 
intravenous administration of CGRP (3.8 mg/kg) did not affect baseline 
airway resistance by itself, but potently inhibited the response to SP (13.5 
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mg/kg) in non-sensitized animals. In contrast, CGRP (3.8 mg/kg) failed to 
significantly prevent the SP-induced increase in airway constriction in OA- 
sensitized guinea pigs. The protective effects of increasing doses of CGRP 
on airway constriction induced by SP in both control and OA-sensitized 
5 guinea pigs are illustrated in Fig. 5. When added 5 minutes before SP, 
CGRP (0.38 to 1 14 mg/kg) prevented bronchoconstriction in a dose-related 
manner in control animals, providing a 60% inhibition at the highest dose 
used in these experiments. In contrast, the protective effect of CGRP on 
SP-induced airway constriction was deeply attenuated in OA-sensitized 

10 animals. At 1 14 mg/kg, the inhibition provided by CGRP reached only 36%, 
which means a reduction by more than 40% in its capability to exert its 
bronchoprotective action. It is worth noting that the impaired capability of 
intravenously administered CGRP to exert its bronchoprotector effect in OA- 
exposed animals was of similar magnitude (reduction by more than 40%) as 

15 that observed in experiments carried-out in isolated airways (Fig. 2). Thus, 
even though intravenously administered CGRP can reach its receptor sites 
in the lung and exert its bronchoprotector properties on exogenous agonist 
SP-induced increase in airway resistance, its efficiency may be markedly 
impaired in inflammatory conditions. Since we have already shown that 

20 CGRP is released from the lung following an allergen challenge (unpublished 
data), these results reveal that the hyperreactive state of the airways that 
characterize the asthmatic condition could be associated with a loss in the 
overall capability of CGRP to exert its bronchoprotective action. 

25 Analysis of the effects of CGRP on allergen-induced bronchospasms 

in allergic guinea pigs reveals some other interesting aspects of the natural 
properties of this peptide. As shown in Fig. 6 A, i.v. administration of 0.25 
mg/kg of OA in allergic guinea pigs resulted in an increase in airway 
resistance (PIP) which averaged 25.1 ± 2.0 mm Hg (n = 23). While saline 
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administration 5 minutes before the injection of OA had no effect on the 
magnitude of the response induced by the allergen challenge, CGRP 
pretreatment (3.8 to 1 14 mg/kg) inhibited in a dose-related manner (B) the 
OA-induced increase in airway resistance. These results indicate that 
5 provided that the concentration of CGRP remains sufficiently high in the 
blood circulation (i.e. that its bioavailability is being maintained and/or 
increased), it can reach its receptor sites located in the lungs in a relatively 
quite active state and still maintain its specific broncho protector properties, 
even in the presence of lung inflammatory conditions. Thus, the 
10 bronchospasms induced by an allergen challenge can be alleviated with the 
administration of active CGRP. 

A similar bronchoprotector effect on allergen-induced bronchospasms 
in allergic guinea pigs was observed with adrenomedullin (a natural homolog 
15 of CGRP) as well as with the linear analog of CGRP diacetoamidomethyl 
cysteine CGRP([Cys(ACM) 2J ]CGRP) (not shown). This indicates that these 
peptides may also be valuable to prevent asthma bronchospasms. 

EXAMPLE 3 : Effect of inhaled CGRP on eosinophil chemotaxis in 
20 airways of allergic guinea pigs 

Guinea pigs were actively sensitized to ovalbumin as described 
above. On the days of experimentation, they were challenged by inhalation 
(3 min) of aerosolized ovalbumin (1 .5 mg/ml). Fifteen minutes after the 

25 ovalbumin challenge, an aerosol solution of 30 \ig/m\ CGRP or sterile 0.9% 
saline solution (control) was inhaled for 10 minutes in only one dosage 
regime. Ovalbumin and CGRP for inhalation were dissolved in sterile 0.9% 
saline solution and converted into an aerosol with a portable nebulizer driven 
by compressed air at 7 L/min. After 24 hrs, animals were divided equally into 

30 different groups and cellular infiltration into the airways was assessed by 
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both cytological and histopathological examinations. 

Guinea pigs were anesthetized with pentobarbitone sodium, 50 mg/kg 
injected intraperitoneal^ and exsanguinated by dorsal aorta section. 
Bronchoalveolar lavage (BAL) was performed with 4 X 5 ml volumes of 

5 phosphate buffered saline (PBS) solution at 37°C. The recovered fluid was 
combined and the cells were pelleted by centrifugation at 1250 rpm for 10 
min at 4°C. After resuspension in 1 ml of PBS, total leucocyte counts were 
done with a Newbauer hemocytometer. Differential cell counts were 
performed on cytospin preparations stained with 5% Giemsa. Standard 

10 morphologic criteria were used to identify the population of eosinophils. 

For histopathological examination of the lungs, guinea pigs were 
euthanized as described above. Samples of lungs were removed and fixed 
in Bouin's solution. After the fixation, the specimens were embedded in 
15 paraffin wax, cut into 5 mm thick sections and stained with hematoxylin- 
eosin. 

When aiming to achieve asthma control, several major determinants 
of the disease need to be targeted. Asthma symptoms are mainly caused by 

20 variable airway obstruction. The variability of the airway obstruction can be 
ascribed to airway hyperresponsiveness, which is characterized not only by 
increased sensitivity but also by an exaggerated contraction of the airway in 
response to a range of non-specific irritants. The underlying causes of 
airway hyperresponsiveness are not quite clear at present but there is a 

25 concensus that airway inflammation probably paves the way to such 

condition. Thus, in addition to exerting a bronchoprotective effect, an ideal 
asthma drug should also effectively suppress and/or reduce airway 
inflammation in asthmatic airways. Such potential effect for CGRP was 
tested in allergic guinea pigs. 
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As illustrated in Figure 7, only a small number of eosinophils (5.4 ± 
0.9 X 10 5 cells/ 10ml BAL; n = 6) are found in the BAL of OA-sensitized 
guinea pigs (column C). Similarly, few eosinophilic cells are detected in the 
5 bronchial walls of these animals (not shown). BAL eosinophil number rose 
6-fold from baseline 24 hours after OA-provocation (column OA), a 
phenomenon which was accompanied by a significant increase in the rate of 
eosinophil infiltration in bronchial mucosa (not shown). When inhaled 15 
minutes after OA-challenge, CGRP further increased the rise in BAL- 

10 eosinophil numbers observed at 24 hours (by 2 fold versus OA and 12 fold 
versus control) (column: OA + CGRP), but drastically decreased the 
population of eosinophils in lung tissues (not shown). This suggests that 
inhaled CGRP can induce/activate either directly or indirectly eosinophil 
chemotaxis in such a way that it can reduce their stay in the bronchial 

15 mucosa, and consequently their toxic and harmful effects. 

EXAMPLE 4 : Effect of inhaled CGRP on bronchospasm induced by 
non-specific bronchoprovocation (metacholine) or by allergen 
challenge in sheep 

20 

Eighteen sheep with a mean weight of 35 kg (range: 24 to 52 kg) 
were used for this study. All had a chronic carotid loop to facilitate 
measurements of mean arterial blood pressure and heart rate. Ten of these 
animals were defined as non-allergic and 8 as allergic, based on the 

25 absence or presence of both early and late airway responses after a 

standard inhalation challenge with Ascaris suum antigen. All sheep were 
allowed a 4-week recovery period after the allergen challenge before 
experimentation began. For each of the procedures hereafter presented, the 
unsedated animals were restrained on a standard shopping cart in the prone 

30 position and their heads were immobilized. After topical anesthesia of the 
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nasal passages with 2% lidocaine solution, a balloon catheter was advanced 
through one nostril into the lower esophagus. Subsequently, a cuffed 
nasotracheal tube (7 to 8 mm in diameter) was placed with the guidance of a 
flexible fiberoptic bronchoscope. 

5 

The techniques used for investigating airway mechanics were again 
well-validated and standardized procedures (as is usually the case with large 
mammals). Briefly, pleural pressure was estimated via the esophageal 
balloon catheter (filled with 1 ml of air), which was positioned 5 to 10 cm from 
10 the gastroesophageal junction. In this position, the end expiratory pleural 
pressure ranged between -2 and -5 cm H 2 0 in different animals. Lateral 
pressure in the trachea was measured with a sidehole catheter (inner 
diameter = 2.5 mm) advanced through and positioned distal to the tip of the 
endotracheal tube. Transpulmonary pressure which was defined as the 
1 5 tracheal pressure minus pleural pressure was measured with a differential 
pressure transducer (Hewlett-Packard 270, Palo Alto, California) catheter 
system that showed no change in amplitude as phase shift between 
pressure and flow to a frequency of 6 Hz. For the measurement of 
pulmonary resistance (R L ), the proximal end of the endotracheal tube was 
20 connected to a pneumotachograph (Fleisch No.1 ; Collins, Mass. U.S.A.), 
and the volume signal was electrically differentiated to obtain flow. The 
transpulmonary pressure and flow signals were recorded on a Hewlett 
Packard (model 7754B, Mass. USA) multichannel recorder, which was linked 
to a PC 386 Personal Computer (IBM Equipment, Montreal, Quebec) for on- 
25 line calculation of mean Rl by dividing the change in transpulmonary 

pressure by the change in flow at mid-tidal volume (V t ) (obtained by digital 
integration). Analysis of at least eight consecutive breaths, free of 
swallowing artifact, was used to determine Rl in cm H 2 0/L/sec. Immediately 
after measuring Rl, thoracic gas volume (Vtg) was measured in a constant- 
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volume body plethysmograph to obtain specific lung resistance (SRl - Rl X 
Vtg) in L X cm H 2 0/L/sec. 

All aerosols were generated using a disposable medical nebulizer 
(Raindrop, Puritan-Bennett, Lenexa, Kan.) which produced an aerosol with 
a mass median aerodynamic diameter of 3.6 mm (geometric S.D. 1 .9), as 
determined by a seven stage Andersen cascade impactor (Andersen, Inc. 
Atlanta, Ga). The output of the nebulizer was directed into a plastic T-piece, 
one end of which was attached to the endotracheal tube and the other end 
of which was connected to the inspiratory port of a BENNETT MA-1 
respirator (Puritan Bennett Corp., Los Angeles, California). To control the 
aerosol delivery, a dosimeter system was used, consisting of solenoid valve 
and a source of compressed air (20 psi) which was activated for 1 sec at the 
beginning of the inspiratory cycle of the Puritan BENNETT respirator system. 
All aerosols were delivered at a tidal volume of 500 ml and a rate of 20 
breaths per minute. 

Agents were prepared as follows. Ascaris suum extract (Greer 
Diagnostic, Lenoir, N.C.) was diluted with phosphate buffered saline (PBS) to 
a concentration of 82,000 protein nitrogen units/ml and delivered as an 
aerosol over 20 minutes (= 400 breaths). Metacholine (Sigma Chemical Co, 
St-Louis, M.O.) was dissolved in PBS at concentrations of 0.25, 0.5, 1 .0, 2.0 
and 4.0% wt/vol (2 ml) and delivered as an areosol. The interval between 
doses was less than 10 minutes. Salbutamol (0.5 mg) and CGRP (0.5 mg) 
were dissolved in PBS in concentrations of 0.25 mg/ml and delivered as 
aerosols. Vehicle control for each agent was buffered saline solution (PBS). 
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To assess airway responsiveness, we performed cumulative dose- 
response curves to metacholine by measuring SRl immediately after 
inhalation of buffer (PBS) and after each consecutive administration of 10 
breaths of increasing concentrations of metacholine up to 4% wt/vol. The 
provocation test was discontinued when SRl increased over 400% from the 
post saline value, or after the highest metacholine concentration had been 
administered. Airway responsiveness was determined by calculating the 
cumulative metacholine dose (in breath units: BU), which increased SRl by 
400% over the postsaline value (PC400) by interpolation from the dose- 
response curve. One BU of metacholine was defined as one breath of an 
aerosol solution containing 1 .0% wt/vol metacholine. 



After baseline measurements of SRl, sheep (n=8) underwent 
inhalation challenge with Ascaris suum antigen. Measurements of SRl were 
15 repeated immediately (i.e. 10 and 30 minutes) after antigen challenge and 
subsequently at 1 , 2, 3, 4, 4.5, 5, 5.5, 6, 6.5 and 7 hours after challenge. 
These challenges were used to deternine SRl values for untreated animals. 

In essence, three experimental protocols were followed for the studies 
20 described in this example. In the first experimental protocol, 3 non-allergic 
and 3 allergic sheep were subjected to an aerosol challenge of increasing 
concentrations of CGRP (0. 1 , 0.25, 0.5 and 1 .0 mg/2ml) in PBS and SRl 
was measured for six hours (every 15 minutes for one hour, then every 30 
minutes). Measurements of mean arterial blood pressure (MAP) and heart 
25 rate were also performed prior to challenge and at the same time intervals as 
those for SRl. Measurements of these haemodynamic paradigms were 
made via a polyethylene catheter filled with heparinized saline inserted into a 
carotid artery and linked to a pressure transducer (Gould P23ID) and a 
Grass polygraph. Since CGRP inhalation appeared to be without any 
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significant effect on these parameters (these results are illustrated in Fig. 8), 
two additional protocols were subsequently incorporated into our studies in 
order to determine A) whether CGRP inhalation could prevent non-specific 
airway responsiveness induced by metacholine provocation and B) if CGRP 
5 had any bronchoprotective effect with regard to allergen challenge. 

To determine the effect of CGRP and salbutamol on non-specific 
airway responsiveness, baseline measurements of SRl were determined 
before the sheep were treated with an aerosol of CGRP (0.5 mg; 2 ml total 
10 volume) or an aerosol of salbutamol (0.5 mg; 2 ml total volume). After 

administration of the compound (CGRP or salbutamol) SRl was remeasured 
and the sheep subsequently underwent a metacholine challenge, as 
described above. 

15 To determine the effect of CGRP and salbutamol on allergen induced 

bronchoconstriction, baseline measurements of SRl were determined before 
the sheep were treated with an aerosol of CGRP (0.5 mg; 2 ml total volume) 
or an aerosol of salbutamol (0.5 mg; 2 ml total volume). After administration 
of the compound (CGRP or salbutamol) SRl was remeasured and the sheep 

20 subsequently underwent a challenge with Ascaris suum antigen as described 
above. 

The bronchoprotector effects of CGRP on airway responses are more 
impressive when the peptide is administered by inhalation. Such 
25 experiments were carried out in the allergic sheep asthma model. 

Metacholine provocation was used to demonstrate non-specific airway 
responsiveness. As shown in Fig. 9, all allergic sheep responded to aerosol 
metacholine with a dose-dependent increase in pulmonary resistance (Rl) 
with a mean maximal value of 415 % (the range being 202 to 652 % of 
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baseline). While salbutamol inhalation at a dose of 0.5 mg (in 2 ml of 
phosphate-buffered saline PBS) provides partial but significant protection 
(reduction by an average of 65 %) against metacholine bronchoprovocation, 
inhaled CGRP at the same dose of 0.5 mg (in 2 ml PBS) totally prevents 
5 (100 %) the increase in airway resistance induced by the cholinergic agonist. 

CGRP pretreatment not only blocks the increase in non-specific 
airway responsiveness evoked by metacholine provocation but also prevents 
allergen-induced increases in pulmonary resistance. The pooled results of 

10 all eighteen sheep used for these experiments are shown in Fig. 10. 

Inhalation of Ascaris suum antigen resulted in both early and late bronchial 
responses characteristic for this model when the sheep were pretreated with 
placebo (PBS, 2 ml by aerosol; control). Mean Rl increased 240 % (p<0.05) 
over baseline within 1 hour after challenge; Rl remained significantly 

15 elevated 3 hours after challenge but then returned to prechallenge values 
after 4 hours. By 5.5 hours after antigen challenge, mean Rl increased 
again to 130 ± 25 % (p<0.05) over baseline and remained significantly 
elevated through the remainder of the 7.5-hour observation period. 
Pretreatment with aerosolized salbutamol (0.5 mg in 2 ml PBS) 20 minutes 

20 before antigen challenge slightly reduces (by 45 %) the peak of the early 
phase response but does not afffect the late phase bronchoconstriction to 
Ascaris suum antigen. In contrast, pretreatment with CGRP (0.5 mg in 2 ml 
of PBS by aerosol) completely blocks both acute and late Ascaris suum- 
induced increases in Rl. As mentioned above (Example 2) similar 

25 bronchoprotective effects were also observed by using adrenomedullin or 
the linear analog of CGRP, namely [Cys(ACM) 2,7 ] CGRP. As a result, these 
and similar peptides, when given by inhalation, may also be particularly 
valuable for the treatment of bronchial hyperreactivity. 



In summary, as illustrated above, CGRP in the context of the present 
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invention is considerably more effective than salbutamol in preventing non- 
specific and allergen-induced bronchoconstriction. It has longer-lasting 
activity than any other known bronchoprotector agent and can completely 
prevent late-phase responses associated with an allergen challenge. 

5 Moreover, when administered by inhalation, CGRP also combines interesting 
anti-inflammatory properties by decreasing the time of residence for the 
eosinophils in the bronchial mucosa. In the range of doses required to offer 
profound symptom relief, this peptide is also devoid of undesirable 
heamodynamic side effects. All these features and the various other 

10 characteristics which have been mentioned throughout this description make 
CGRP a new, secure and ideal medicament for preventing, reducing and/or 
alleviating the pathophysiological manifestations associated with asthma. 
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